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Fig.2?2  Dühring chart of  
        H2O/H2SO4, H2O/LiBr solution 
Fig.2?3  Dühring chart of  
H2O/LiBr solution 
Fig.2?4  Dühring chart of 
CH3OH/ZnBr,CH3OH/LiBr solution 
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Fig.2?8a  Double effect cycle(a) 
 ???  ?????????????????? 
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COPth??(2-6)??(2-9)???????? 























                                                           (2-11) 




















































































































Fig.2?8c  Double effect cycle(c) 
TX 
 ???  ?????????????????? 
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Fig.2?11  Triple stage cycle 
TY 
 ???  ?????????????????? 
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２・６  ??????? COP ??????????????? 
???????????????? 
２・６・１  ????????? COP ?????? 
?????COP???????????????????????????????
??????????????????????????????????????
???? n ?????????????????? COPth???????????? 
                                                  (2-17)
                                                  (2-18)




















































Fig.2?12  COP of theoretical multi-effect  
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２・６・３  ??????????? 
?????????????????????+??????? 1.5????????
???+??????? 2.5?????? 2?13? D?hring??????? 
? 2?13a? 1.5?????????D?hring
???????? TM/TE=TG/TX ?TM/TX=TG/TY ?
TM/TY=TG/TM ???????????????
?? COPth??????? 
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? 2?13b? 2.5??????????? 
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Fig.2?13b  2.5 effect cycle 


















Fig.2?13c  1?1/3 effect cycle 

















Fig.2?13a  1.5 effect cycle 
(double effect + double stage) 
TY 
TG 
 ???  ?????????????????? 
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Fig.2?14b  3/4 effect cycle 
 ???  ?????????????????? 
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?????????????????????????????L=1????? 2?15a
???????????????????????????,??? L=2?????
2?15b???????????? 2???????????? L=3???? 
 


























Fig.2?15  Characteristics of  
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第３章  理想吸収サイクルの応用と解析モデルの構築 
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３・２  ?????????????? 






































































Fig.3?1  Single effect cycle 






























Fig.3?2b  Triple stage cycle 
?T? 
 ? 3?  ???????????????????? 
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Fig.3?3c  Double effect cycle(c)  
?T? 
?T? 
















Fig.3?3b  Double effect cycle(b) 















Fig.3?3a  Double effect cycle(a) 
 
 ? 3?  ???????????????????? 
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? 3?4???????????T/T ?????????????????????
???????????? 











? 3?5a??? 1.5?????????????3-8???? 3?5b??? 2.5???
??????????3-9????? 
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Fig.3?4  Triple effect cycle 
TM 
 ? 3?  ???????????????????? 
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??????????????????? TM????????????????3?






























Fig.3?6a  Gen. outlet solution temp.  
considering ?T?  and ?TQ 
Fig.3?6b  Gen. outlet solution temp.  
















Absorber   Evaporator 
Heat Exchanger 
Generator   Condenser 













20 25 30 35 40


















ΔT ξ=  0 K
ΔT Q= 0 K
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n　   =　effect
ΔT??=10 K
ΔT Q =　5 K
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Table 3?1  List of equations for single effect cycle  
 (Dühring chart model)  
Vapor-liquid equilibrium & Concentration width 
TSAk=fT(XSAi ,T*RE) , TSAe=fT(XSAe  ,T*RE) 
TSGk=fT(XSGi ,T*RC) , TSGe=fT(XSGe  ,T*RC)  
?T?=TSAk-TSAe 
Mass balance & Heat balance 
GSAe=ρSAe･VSAe ,    GSGi=GSAe ,  XSGi =XSAe ,  XSGe =XSAi 
XSAi･GSAi=XSAe･GSAe , XSGi･GSGi=XSGe･GSGe ,     
GRE=GSAe-GSAi , GSAe･(HSGi-HSAe)=GSGe･(HSGe-HSAi)  
COP 
COP= QE／QG  
QE=GRE･(HRVE-HRC) 
QG=(GSGi-GSGe)･HRVG+ GSGe･HSGe - GSGi･HSGi 
Fig.3?8  Characteristics of single effect 



































T E=  5℃
T M=38℃
φ=Temperature effectiveness
      of heat exchanger
φ=0.8COP
 ? 3?  ???????????????????? 































 ? 3?  ???????????????????? 
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(1) ??? 
??????? TW Ei????? TWEe??? GWE???????????? T?RE?
??????????????????????????????? 
(2) ??? 










???????? TWCi????? TWCe??? GWC???????????? T?RC?
??????????????????????????????? 
(4) ??? 
??????? TW Gi????? TW Ge??? GWG??????????????
? TSGk??????? TSGe????????????????????????
???????????????????????????????? T?RG??
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Table 3.2  Modelling of absorption refrigerator’s elements 









TSAk=fT(XSAi ,T*RA)  ， TSAe=fT(XSAe  ,T*RA) 
Absorber 













TSGk=fT(XSGi ,T*RG)  ， TSGe=fT(XSGe  ,T*RG)  
Generator 
 











HSH1=fH(XSH1  ,TSH1)  ?  HSH2=fH(XSH1  ,TSH2)  































































 ? 3?  ???????????????????? 
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Table 3?3  List of equations for single effect model 
Element Transferred heat 
Evaporator QE=CpW?GWE?(TWEi-TWEe) , QE=GRE?(HRVE -HRC) 
Absorber QA=CpW?GWA?(TWAe-TWAi) , QA=GRE?(HRVE-HSAe)-GSAi?(HSAi-HSAe) 
Condenser QC=CpW?GWC?(TWCe-TWCi) , QC=GRG?HRVG-GRC?HRC  ,    
Generator QG= CpW?GWG?(TWGi-TWGe) , QG=GRG?(HRVG-HSGi)+GSGe?(HSGe-HSGi) 
Heat-exchanger QH=GSH1?(HSH2-HSH1) , QH=GSH3?(HSH3-HSH4)  
 Element Mass/heat balance COP 
Abs. / Evap. GSAi=?SAe?VSA , GSAi?XSAi =GSAe?XSAe , GRE=GSAe?GSAi  COP=QE /  QG  
Absorber (inlet) GSAi?XSAi=GSGe?XSGe+(GSGi-GSGe)?XSAe , GSAi?HSAi=GSGe?HSH4+(GSGi-GSGe)?HSAe  
Cond. / Gen. GRG=GSGi?GSGe , GSGi?XSGi =GSGe?XSGe , GRC=GRG=GRE  
Table 3.4  Specification of  hot water driven 
single effect refrigerator  
Chilled water  TWEi 13 ?  
 TWEe 8 ?  
 GWE 800 kg/min 
Cooling water TWAi 31 ?  
 GWA,GWC 1700 kg/min 
Hot water  TWGi 85 ?  
 GWG 1050 kg/min 
Cooling capacity QE 230 kW 
COP COP 0.75 ?  
Table 3.5  KA values for refrigerator 
at standard condition 





Heat Exchanger 7.70 
  
 ? 3?  ???????????????????? 































Fig.3?10  Effect of inlet hot water temp. 
         on cooling capacity and COP 
Fig.3?11  Effect of cooling water temp. 








70 75 80 85 90 95























Chilled water T WEe= 8℃
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Chilled water T WEe= 8℃
Hot water     T WGi=85℃
              G WG=650kg/h
COP
Q E
 ? 3?  ???????????????????? 
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?  ? 
??L.A.McNeely?Thermodynamic properties of aqueous solutions of lithium bromide?
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第４章  各種熱源駆動の吸収冷凍機 
開発手順の検討と提案  
 











４・２  ?????????????????????????? 
４・２・１  ?????? 
?????????????????????????????????????
??????????n ???????????????? n ????????? TG
????????? COPth???????????? 
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 ? ? ?  ???????????? ?????????? 
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TE?TM?TG???????????????? n ?? 
    n ? Ln(TG/TM)/Ln(TM/TE)            (4-3)  
??????????????????????????????????????
??????????????? n ???????? 
 





?????? TM ?????????????????????? TA ??????
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?????????????????????????????????????
???????????????COP???????????? 














４・２・３  ????????????? 

















i QCOPQQ )( GEE
 ? ? ?  ???????????? ?????????? 
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??????????????????????????????????? 
 

























? 4?2??????????????????? VSAe??? COP?????????
??????????????????????? COP ?????????????
?????,?????????????????????????????????
Table4?2  KA [kW/K] values for Refrigerator 
Cooling capacity=1000kW?Chilled water outlet temp.=7?  
Cooling water?flow rate=4835kg/min? inlet temp=32?  
Solution flow rate VSAe=0.20 L/min/kW 
Element KA [kW/K] Element KA [kW/K] 
Evaporator E 200 Low temp. Gen. G 50 
Absorber A 140 Low temp. Hex LH 33 









Fig.4?1  Sol. flow circuit 
 ? ? ?  ???????????? ?????????? 































Fig.4?2 Effect of GH sol. flow rate Fig.4?3 Effect of sol. flow rate 
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 ?? E.Altenkirch ? (Gehlhoff?Lehrbuch der technischen Physik, Bd.1, 
Leipzig, 1924 )????????????????--- Handbuch der 
Kltetechnik 1959???? 
?? Rudolf Plank?Handbuch der Kltetechnik, 7,P90-91,1959 
?? (?? 1939/4/14) USP2,284,691 ,Platen-Munters????????? 
 
S2 
 ?? (?? 1974/7/19) ??? 58-23543(??:???)? 




Parallel  flow 
 
P1 
 ?? (?? 1967/11/28) USP3,452,551 ,Harrworth.Inc. 
 















 ?? (?? 1964/9/14) USP3,273,350 ,Robert S. Taylor 
?? ?.?.????????.?.???????????????????? 
???????(?????)??7??16?1971? 
?? (?? 1974/11/2) ??? 53-30534??????????? 
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???????????????? KA ??? 4.4
?????????????? KA ???????
??????????????LH?HH??????
??? 0.67???????? GL?????? 0.40














 ? ? ?  ???????????? ?????????? 































Table4?4  KA [kW/K] values for Refrigerator 
Cooling capacity=735[kW]?  Chilled water outlet temp.=7[? ] 
Cooling water? inlet temp=32[? ]? flow rate=3500[kg/min] 
Sol. Flow rate?VSGHi=73.7 [dm? /min] VSGLi=90.0 [dm? /min] 
Element K0A [kW/K] Element K0A [kW/K] 
Evaporator E 147 Low temp. Gen. G 36 
Absorber A 116 Low temp. Hex LH 15.8 
Condenser C 139 High temp. Hex HH 13.2 
Fig.4?5  Effect of sol. flow control 
        method on COP 
Fig.4?6  COP characteristics  














a：GH /GL ：variable flow
b：GH ：var.，GL ：fix  flow
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 ? ? ?  ???????????? ?????????? 

















???? 735[kW]???????????? KA ????? K0A??? 4?5?????
??????????????????????????????????????












Table4?5  KA [kW/K] values of heater-chiller at heating cycle 
( Cooling capacity=735[kW]?Heating capacity=735[kW] ) 
Element K0A [kW/K] Element K0A [kW/K] 
Evaporator E 185 Low temp. Hex LH 20.0 
Low temp. Gen. G 45 High temp. Hex HH 16.5 
 ? ? ?  ???????????? ?????????? 































Fig.4?8  Heating cycle by simulation 
 and measured cycle data 
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Hot water outlet temp.=60℃
 ? ? ?  ???????????? ?????????? 
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? ??????????????? ????? 
? ?????????????????????? ????? 
? ???????????????????? ????? 
? ????????????? ????? 
















? ????????????????? ??????? 
????????????????????????????????????
?????????? 
? ??????????????? ????? 
????????????????????????????????????
?????????????????????????????? 
? ?????????????????????? ????? 
?????????????????????????????????? 
? ???????????????????? ????? 
?????????????????????????????????? 
 ? ? ?  ???????????? ?????????? 
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４・５  本章のまとめ：吸収冷凍機開発手順についての提案 
?????????????????????????????????????
?????????????????????????????????????? 




????????? n ????????? COP?????? 
(3) ??? COP???????????????????????????????
? COP?????? 


























 ? ? ?  ???????????????????????? 
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???  ??????????? 
????????????? 
 





















(2) ??????????  
?????????????????????????????????????
 ? ? ?  ???????????????????????? 































 ? ? ?  ???????????????????????? 






５・１・３  ?????????????????? 
D?hring?????????????????????????????????
7[?]????????? TE?5[?]???????? 32[?]???? 37[?]????
????????????????? TM?38[?]???? 
??????????? 2??????? 




??????????? TG=359[K]= 86[?]?COP=0.894?0.80=0.72 















 ? ? ?  ???????????????????????? 
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Table 5?1 Pattern of single/double effect cycle 
S1 S2 S3 P1 P2 P3  
       
       
 R1 R2 R3 R4 R5 RP1 RP2 
       
       
 RS1 RS2 PS1 PS2 PS3 PS4  
       
       





















































































































































































































































































































































 ? ? ?  ???????????????????????? 









５・３  ???????????????????? 




















Fig.5･1  Heat source temp. of low stage generator(GL,GX) 
GH 
Fuel  
High temp. generator 
GL         GX 








 ? ? ?  ???????????????????????? 
















Table 5?2 Pattern of single/double effect cycle 
R2 RP2 RS2 






















































 ? ? ?  ???????????????????????? 
















































Fig.5?2  Solution flow at single effect mode 
 ? ? ?  ???????????????????????? 
















????P1240921??? 1979/8???????????  
 

























Fig.5?3 RXX?R2,RP2,RS2) Cycle 
 
 ? ? ?  ???????????????????????? 



























５・３・４  ???? 
?????????????????????????????????????
????????? R2,RP2??????????????????????????
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 ? ? ?  ???????????????????????? 











     Fig.5?5  Construction of low stage generator 
 
５・４  ?????????????? 
５・４・１  ???????? 
??????????????? 5?2???????????”R2”?”RP2”?????
????????”R2”??????????????  
???????????????? 5?6 ????  
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Absorber / Evaporator 
High temp. 
















 ? ? ?  ???????????????????????? 
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５・４・４  ??????????????????? 
?????????????????????? 140kW?????????1979?
????????????????????????KA ?????????????
Table5?3  List of equations for single/double effect cycle 
Element Enthalpy change Heat transfer 
Evaporator QE=CpW?GWE?(TWe i-TWEe) , QE=GRE?(HRVE-HRC) QE=KEAE??TE 
Absorber QA=CpW?GWA?(TWAe-TWAi) , QA=GRE?(HRVE-HSAe)-GSAi?(HSAi-HS Ae ) QA=KAAA??TA 
Condenser QC=CpW?GWC?(TWCe-TWCi) , QC=GRGL?(HRVGL-HRC)+GRGW?(HRVGW-HRC) +GRCH?(HRGH-HRC) ? QC=KCAC??TC  
Hot water gen. QGW=CpW?GWB?(TWBe-TWBi) , QB=GRB?(HRVGH-HRGH) ?  QB=KBAB??TB 
Low temp.gen. QGL=GRCH?(HRVGH-HRCH) ,  QGL=GRGL?(HRVGL-HSGLi)+GSGLe?(HSGLe-HSGLi) ? QGL=KGLAGL??TGL 
High temp.gen.  QGH=GRGH?(HRVGH-HSGHi)+GSGHe?(HSGHe-HSGHi)  
Low QHL=(GSGLi+GSGHi)?(HSHL2-HSHL1) , QHL=(GSGLe+GSGHe)?(HSHL3-HSHL4) ?  QHL=KHLAHL??THL Heat- 
Exchanger High QHH=GSGHi?(HSGHi-HSHL2) , QHH=GSGHe?(HSGHe-HSHH4) ?  QHH=KHHAHH??THH 
 
Element Heat driving force 
Evaporator ?TE? (TWEi-TWEe)?Ln?(TWEi-T*RE)?(TWE e-T*RE)? 
Absorber ?TA??(TSAk-TWAe)-(TSAe-TWAi)??Ln?(TSAk-TWAe)?(TSAe-TWAi)?  
Condenser ?TC ? (TWCe-TWCi)?Ln?(T*RC-TWCi)?(T*RC-TWCe)?  
Hot water gen. ?TGW??(TWHi-TS GXe )-(TWHe -TSGXk)??Ln?(TWHi-TSGXe )?(TWHe-TSGXk)?  
Low temp.gen. ?TGL? (TSGLe-TSGLk)?Ln?(T*RCH-TSGLk)?(T*RCH-TSGLe)?  
Low ?THL??(TSHL3-TSHL2)-(TSHL4-TSHL1)??Ln?(TSHL3-TSHL2)?(TSHL4-TSHL1)?  Heat-  
Exchanger High ?THH??(TSGHe-TSGHi)-(TSHH4-TSHL2)??Ln?(TSGHe -TSGHi)?(TSHH4-TSHL2)?  
 
Element Transferred refrigerant COP 
Evap.?Abs. GRE?GSAe -GSAi ,  COPGW=QEGW?QGW  
GRGX?GSGXi-GSGXe , GRC?GRGX+GRGL+GRGH COPGH=QEGH?QGH  
Cond.?GL?GX 
GRGL?GS GLi-GSGLe ,    COP=QE?(QGH+QGW)  
High temp. gen GRGH?GSGHi-GSGHe     
 
 ? ? ?  ???????????????????????? 
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??????????? KA ??? 5?4???? 





























Table5?4  KA [kW/K] values for Refrigerator 
at standard condition 
 KA [kW/K]  KA [kW/K] 
Evaporator 28.0 Low temp.Hex 2.3 
Absorber 20.0 High temp.Hex 1.9 
Condenser 21.0 Hot water Gen. 16.0 
Low temp.Gen. 5.7   
    
Table5?5  Specification of refrigerator  
Mode  Oil only Hot water 
. 
Oil & hot w.  
Cooling capacity  QE 115 [kW] 85 [kW] 115 [kW] 
Outlet temp.  TWEe 7 [?] 7 [? ] 7 [? ] 
Chilled water 
Flow rate GWE  
 
333[kg/min].  333[kg/min].  333[kg/min].  
Inlet temp. TWAi 32 [?] 32 [?] 32 [?] 
Cooling water 
Flow rate GWA  
 
800 [kg/min] 800 [kg/min] 800 [kg/min] 
Heavy A-oil  Flow rate Goil 
 
10.0 [kg/h] ----- 6.0 [kg/h] 
Inlet temp. TWHi ----- 90 [?] 90 [?] 
Hot water 
Flow rate GWH 
 
----- 330[kg/min]. 330[kg/min]. 
 ? ? ?  ???????????????????????? 































Fig.5?8 Single effect mode Fig.5?7  Solution flow rate 
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Chilled water outlet temp.  7 ℃
　　　　　　　　　flow　rate　333 kg/min
Cooling water inlet temp. 32 ℃
　　　　　　　　　flow　rate　800 kg/min
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Chilled water outlet temp.  7 ℃
　　　　　　　　　flow　rate　333 kg/min
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Chilled water outlet temp.  7 ℃
　　　　　　　　　flow　rate　333 kg/min
Cooling water inlet temp. 32 ℃
　　　　　　　　　flow　rate　800 kg/min
Hot water flow rate     　 330 kg/min
Heat input to GH    QGH =55.5kW
QGX
QGX+QGH QE
 ? ? ?  ???????????????????????? 

















????????? VSGXi???????????? VSGHi???????? 5?11??
??????????????????????????????????????












 ? ? ?  ???????????????????????? 































Fig.5?11 Sol. Flow rate at the mode of 
double effect or single-doubule effect 
Fig.5?12  Characteristics of single effect 
mode 
Fig.5?13  Characteristics of 
double effect mode 
Fig.5?14  Characteristics of 
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Chilled water outlet temp.  7 ℃
　　　　　　　　　flow　rate　333 kg/min
Cooling water inlet temp. 32 ℃
　　　　　　　　　flow　rate　800 kg/min



















































Chilled water outlet temp.  7 ℃
　　　　　　　　　flow　rate　333 kg/min























Chilled water outlet temp.  7 ℃
　　　　　　　　　flow　rate　333 kg/min
Cooling water inlet temp. 32 ℃
　　　　　　　　　flow　rate　800 kg/min
Hot water flow rate       330 kg/min






 ? ? ?  ???????????????????????? 
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Table 5?6 KA Values for Refrigerator 
at standard condition (Ref. capacity 140kW) 
Double cond.type KA [kW/K] Single cond.type KA [kW/K] 
Evaporator 30.0 Evaporator 30.0 
Absorber 20.0 Absorber 20.0 
Condenser (GW) 21.0 
Condenser (GL) 16.0 
Condenser 37.0 
Low Gen. 5.7 Low Gen. 5.7 
Hot water Gen. 12.0 Hot water Gen. 12.0 
Low Temp. Hex 2.7 Low Temp. Hex 2.7 
High Temp. Hex 4.2 High Temp. Hex 4.2 
 ? ? ?  ???????????????????????? 
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water (b) Double cond. 
















(c) Double cond. 
Cooling water?X.Cond.?Abs.?.Cond. 
Sol. 
Fig.5?16 Comparison of required hot water  
temp. by cooling water flow pattern
QE=100% Load 
QE=50% Load 
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Table 5?7    KA Values for Refrigerator 
at standard condition (Ref. capacity 140kW) 
 KA [kW/K]  KA [kW/K] 
Evaporator 30.0 Low Temp. Hex 3.0 
Absorber 20.0 High Temp. Hex 3.2 
Condenser (C) 21.0 Condenser (CX) 12.0 
Low Gen. (GL) 5.7 Hot water Gen.(GX) 9.2 
 ? ? ?  ???????????????????????? 
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Fig.5?17 Characteristics of heat input at 
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Fig.5?18 Characteristics of heat input 







Fig.5?19  Fuel consumption 
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Q GH (Single-double effect
　using auxiliary hot water)
Q GH (Fuel only,
　double effect )
saving %
 ? ? ?  ???????????????????????? 
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?  ? 
??Paul J.Wilbur,Thomas R.Mancini?A Comparison of Solar Absorption Air Conditioning 






?) ???????????????????? ? 53-34658??? 1974/2? 
?????????????????????????????????????????
?? ? 53-32940??? 1976/9? 
????????????????????????????????52?9??47?1978?? 
 ? ? ?  ???????????????????????? 
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????????????????????? ? 57-20543??? 1977/6? 
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???   ?????????? 
?????????????? 
 

















???????????????? 100?????? COP=0.70? .75?????





? ? ?   ???????????????????????? 














６・２  ???????????????????????????? 
D?hring????????????????????????????????
? 7[?]????????? TE=5[?]???????? 32[?]???? 37[?]?
?????????????????? TM=38[?]????????? 
??????????? 2?????????(4-1),(4-2)?? 
????(n=1)??????? TGth  =TM?(TM/TE)=348.1[K]=74.9[?] 
 ?????? COP th=TE/(TM-TE)??1-(TE/TM)?=0.894 
????(n=2)??????? TGth  =TM?(TM/TE)2=389.4[K]=116.2[?] 
 ?????? COP th=TE/(TM-TE)??1-(TE/TM)2?=1.693 
????????????????????????? 4?1????(4-4)???
????????TX=10[K]??????? LTD????????TQ=5[K]????? 
??????????? TG  =(TM+?TX)?(TM/TE)=359[K]=86[?] 
 ?????  COP=0.894?0.75=0.67 
??????????? TG  =(TM+2??T X)?(TM/TE)2+?TQ?(TM/TE)=420[K]=147[?] 
 ?????  COP=1.693?0.70=1.22 
????COP ???????????????????????????????
COPth???????(0.70? .85)????????????? 
? ? ?   ???????????????????????? 
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????????????????????????TLTD=14[K]???? 
????????????=TG+?TLTD= 86+14= 00 [?] 
???????????? =TG+?TLTD=147+14= 61 [?] 
????? 265[?]??????????????? 100[?]????????
????????COP ??????????????? 













構成し，表 5･1 のように基本的な 19種類のサイクルに分類した．ここで改めて表 6･２として
Table 6?1  Cooling capacity of absorption machines driven by MGT exhaust gas 
Single effect cycle Double effect cycle Single/double effect cycle 
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Leaving gas 
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Leaving gas 































  Medium 
gas 161?
? ? ?   ???????????????????????? 




Table 6?2  Pattern of single/double effect cycle 
S1 S2 S3 P1 P2 P3  
       
       
 R1 R2 R3 R4 R5 RP1 RP2 
       
       
 RS1 RS2 PS1 PS2 PS3 PS4  
       
       
H?High temp. generator ,  L?Low temp. generator ,  X?Auxiliary generator  
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? ? ?   ???????????????????????? 
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??????? COPGX??????? COPGH? COPGX???????????
???????????? COP ?????COP??COPGH/COPGX??????TSA
















  1 0 0 0 
( rm n )=  0 1 0 0 
  0 0 1 0 
? ? ?   ???????????????????????? 





６・４･２  ??? 




????????????????? 6?3??????? fT??????? XS?




















Table 6?3  List of equations for single/double effect cycle   
(Dühring chart model) 
Vapor-l iquid equil iburium 
TS Ak=fT(XS Ai ,T*RE) ,  TS Ae=fT(X SAe  ,T*RE) 
TS G Lk=fT(XS GLi  ,T *RC) ,  TS GLe=fT(XS G Le  ,T *RC)  
TS G Xk=fT(X S GXi ,T* RC) ,  TS GXe=fT(XS G Xe  ,T* RC)  
TS G Hk=fT(X SG Hi ,T*RG H)  TS GHe=fT(XS GHe  ,T*RG H)  
Heat transfer in generators 
Δ TG L=(TSG Le-TS G Lk)/Ln{(T *RGH-TSG Lk)/(T *RGH-TSG Le)} 
(TZG Hi-TZ GHe) /  (TZ GHi-TS G Hk) 
  =fφ {NTUGH  ,(TS G He-TS GHk) /  (TZ G Hi-TZ G He) } 
(TZG Xi-TZ GXe) /  (TZ G Xi-TSG Xk) 
  =fφ {NTUGX ,  (TS G Xe-TS GXk) /  (TZ G Xi-TZ GXe)}  ， TZ GXi=TZ GHe 
Concentration width 
Δ TS A=TS Ak-TSAe 
Mass balance of  absorbent 
 XS Ai･GS Ai=XS Ae･GS Ae ,  XS GLi･GSG Li=XS G Le･GS G Le 
 XS G Xi･GS GXi=X SG Xe･GS GXe ,  XS GHi･GS G Hi=X S GHe･GS GHe 
Generated refrigerant 
GS G Li-GS GLe=GS GHi-GS GHe ,   
{(GS G Li-GS G Le)+(GS G Hi-GS GHe)} /  (GSG Xi-GS G Xe) 
={COPGH･(TZ G Hi-TZ GHe)} /  {COPGX･(TZ GXi-TZ GXe)} 
GS Ae-GS Ai=(G SG Hi-GS G He)+(GS GLi-GS GLe)+(GS GXi-GS GXe) 
? ? ?   ???????????????????????? 












                                             (6-3) 
 




６・４･３  ???????? 
?????? 7????????? 32???????????????????
??? T*RE=5.5??????????? TSAe=38???????? T*RC=38????
???????????????????TGL=7.5[K]?????????????








































































































? ? ?   ???????????????????????? 
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６・４･４  ???????????????? 
???????????? NTU ???????????????????? 6?3?
3???????D?hring?????????????????????????























???? COPGX=0.72??????????????????? TZGHi ????
100????????????????????????????????  
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T ZGHi=265℃  T* RE=5.5℃　ΔT GL=7.5 K
T* RC= 38℃　NTU GH=1.75
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６・４･５  ?????????????? 
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T * RE=5.5℃　　ΔT SA=10 K
T * RC=38℃　　ΔT GL = 7.5 K
T SAe=38℃　　NTU GＨ+NTUGX=2.80
T ZGHi=265℃
? ? ?   ???????????????????????? 
































PS4 ,R3  
P2    
R2 ,R5  
TZ GHi=265? ,  T*RE  =5.5? ,  ? TG L=7.5 K
T*RC  =38? ,   NTUG H=1.75 
TS Ae  =38? ,   NTUGX=1.05  
RS1 
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Cycle  pat tern 
S1 ,S2 ,S3 ,PS3 ,R4 ,RS2 ,RP1 ,RP2  
P1 ,PS1                    
P3 ,PS2  
? ? ?   ???????????????????????? 
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Fig.6?5  Construction of 
generator 
inlet  
out let  
Gas 
    0.67   0   0  0 
(rmn) = 0    0.85  0  0 
   0.33   0   0  0 
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? ? ?   ???????????????????????? 







６・５･４  ??? 
???????? 6????????????????????????????
?????????????????????????????????????
?????????? 6?6???? 6?7????????PS2?????????? 
 
Table 6?4  List of equations for single/double effect model 
Element  Enthalpy change Heat  t ransfer 
Evaporator QE=CpW?GWE?(TWEi-TWEe) , QE=GRE?(HRVE -HRE) QE=KEAE?ΔTE 
Absorber QA=CpW?GWA?(TWAe-TWAi) , QA=GRE?(HRVE-HSAe)-GSAi?(HSAi-HSAe) QA=KAAA?ΔTA 
Condenser QC=CpW?GWC?(TWCe-TWCi) , QC=GRGL?(HRVGL-HRC)+GRGX?(HRVGX-HRC)+GRGH?(HRGH-HRC) QC=KCAC?ΔTC 
Low temp. generator QGL=GRGH?(HRVGH-HRGH) , QGL=GRGL?(HRVGL-HSGLi)+GSGLe?(HSGLe-HSGLi) QGL=KGLAGL?ΔTGL 
Auxiliary generator QGX=CpZ?GRGX?(TZGXi-TZGXe) , QGX=GRGX?(HRVGX-HSGXi)+GSGXe?(HSGXe-HSGXi) QGX=KGXAGX?ΔTGX 
High temp. generator QGH=CpZ?GRGH?(TZGHi-TZGHe) , QGH=GRGH?(HRVGH-HSGHi)+GSGHe?(HSGHe-HSGHi) QGH=KGHAGH?ΔTGH 
Low QHL=GSHL1?(HSHL2-HSHL1) , QHL=GSHL3?(HSHL3-HSHL4) QHL=KHLAHL?ΔTHL Heat- 
exchanger High QHH=GSHH1?(HSHH2-HSHH1) , QHH=GSHH3?(HSHH3-HSHH4) QHH=KHHAHH?ΔTHH 
 
Element Heat  driving force 
Evaporator ΔTE= (TWEi-TWEe) / Ln{(TWEi-T*RE) / (TWEe-T*RE)} 
Absorber ΔTA={(TSAk-TWAe)-(TSAe-TWAi)} / Ln{(TSAk-TWAe) / (TSAe-TWAi)} 
Condenser ΔTC = (TWCe-TWCi) / Ln{(T*RC-TWCi) / (T*RC-TWCe)} 
Low temp. generator ΔTGL= (TSGLe-TSGLk) / Ln{(T*RGH-TSGLk) / (T*RGH-TSGLe)} 
Auxiliary generator ΔTGX= (TZGXi-TZGXe) / Ln{(TZGXi-TSGXe) / (TZGXe-TSGXk)} 
High temp. generator ΔTGH= (TZGHi-TZGHe) / Ln{(TZGHi-TSGHe) / (TZGHe-TSGHk)} 
Low ΔTHL={(TSHL3-TSHL2)-(TSHL4-TSHL1)} / Ln{(TSHL3-TSHL2) / (TSHL4-TSHL1)} Heat- 
exchanger High ΔTHH={(TSHH3-TSHH2)-(TSHH4-TSHH1)} / Ln{(TSHH3-TSHH2) / (TSHH4-TSHH1)} 
 
Element Transferred refr igerant  COP 
Evap. / Abs. GRE=GS A e-GS A i ,    COP=QE  / (QG H+QG X) 
Cond./Low temp.gen. GRG L=GS G L i-GS G L e  ,  GRC=GR G H+GRGX+GRG L  ,  GRC=GRE   
Auxiliary generator GRG X=GS G X i-GS G X e     
High temp. generator GRG H=GS G Hi-GS G He     
? ? ?   ???????????????????????? 
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Fig.6?8  Dependense of KA value  
on flow rate of GL 
? ? ?   ???????????????????????? 































                                    (6-9) 
Table 6?5  KA Values for refrigerator 
at standard condition (ref.  capacity 123kW) 
 KA  [kW /K]  KA  [kW /K] 
Evaporator 30.0 Low temp. Hex 2.7 
Absorber 20.0 High temp. Hex 4.2 
Condenser 21.0 High temp. Gen. 1.33 





































? ? ?   ???????????????????????? 
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Table 6?6 Specification of refrigerator 
Cooling capacity QE 123 [kW ] 
Out let temp. TWE e 7 [? ]  
Chilled water 
Flow rate GW E  360 [kg/min] 
Inlet temp. TWAi 31 [? ]  Cooling 
water Flow rate GWA  750 [kg/min] 
Inlet temp. TZ G Hi 265 [? ]  Exhaust gas 
Flow rate GZ GH  2700 [kg/h] 
Fuel Gas 
Fig.6?9  Schematic diagram of 
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(RTD)  
Pressure 










Fig.6?10  Measuring points of  
the test machine 
GX 
GL 









   Temperature 
(thermocouple) 
      Pressure 
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? ? ?   ???????????????????????? 
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Fig.6?11  Comparison of measured data 
with simulation cycle 
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                     TWAi=20 Cﾟ
                     TWAi=25 Cﾟ
                     TWAi=31 Cﾟ
? ? ?   ???????????????????????? 
 - 115 - 











?????? KA ??????? 1.85? 





???????? 10%?????????????? KA ??? 2.5??????
?????????????????????????????????????
? 0.825??????? 0.715????????????????? 0.94????
??? 0.90???????????????????????? 
 








Fig.6?14  Effect of KAGH+KAGX on 
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???   ?????????? 
?????????????? 
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???????No.D? No.E???????No.E??????? 1???????? 
 
７・３  ???????????? 
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Fig.7?1  Dühring chart 


















 ? ? ?  ???????????????????????? 
















Table 7?2 List of equations for single/double effect model 
Element Enthalpy change Heat t ransfer 
Evaporator QE=CpW?GWE?(TWEe-TWEi) , QE=GRGL?HRVGL+GRGX?HRVGX+GRGH?HRGH+GSEi?HSEi- GSEe?HSEe QE=KEAE?ΔTE 
Low temp. generator QGL=GRGH?(HRVGH-HRGH) , QGL=GRGL?(HRVGL-HSGLi)+GSGLe?(HSGLe-HSGLi) QGL=KGLAGL?ΔTGL 
Auxiliary generator QGX= CpZ?GRGX?(TZGXi-TZGXe) , QGX=GRGX?(HRVGX-HSGXi)+GSGXe?(HSGXe-HSGXi) QGX=KGXAGX?ΔTGX 
High temp. generator QGH= CpZ?GRGH?(TZGHi-TZGHe) , QGH=GRGH?(HRVGH-HSGHi)+GSGHe?(HSGHe-HSGHi) QGH=KGHAGH?ΔTGH 
Low QHL=GSHL1?(HSHL2-HSHL1) , QHL=GSHL3?(HSHL3-HSHL4)  QHL=KHLAHL?ΔTHL Heat- 
exchanger High QHH=GSHH1?(HSHH2-HSHH1) , QHH=GSHH3?(HSHH3-HSHH4) QHH=KHHAHH?ΔTHH 
 
Element Heat  driving force 
Evaporator ΔTE={(TSEk-TWEe)-(TSEe-TWEi)} / Ln{(TSEk-TWEe) / (TSEe-TWEi)} 
Low temp. generator ΔTGL= (TSGLe-TSGLk) / Ln{(T*RGH-TSGLk) / (T*RGH-TSGLe)} 
Auxiliary generator ΔTGX= (TZGXi-TZGXe) / Ln{(TZGXi-TSGXe) / (TZGXe-TSGXk)} 
High temp. generator ΔTGH= (TZGHi-TZGHe) / Ln{(TZGHi-TSGHe) / (TZGHe-TSGHk)} 
Low ΔTHL={(TSHL3-TSHL2)-(TSHL4-TSHL1)} / Ln{(TSHL3-TSHL2) / (TSHL4-TSHL1)} Heat-  
exchanger High ΔTHH={(TSHH3-TSHH2)-(TSHH4-TSHH1)} / Ln{(TSHH3-TSHH2) / (TSHH4-TSHH1)} 
 
Element Transferred refrigerant Ref. vapor flow from GX/GL to evap. through a ref. vap. valve  (k=1.135) 
Low temp. generator GRGL=GSGLi-GSGLe Critical pressure :  PREcrt= PRC?{2 / (k+1)}
k/(k-1)          
 
Auxiliary generator GRGX=GSGXi-GSGXe GRE=(?d2 / 4)?[2k/(k-1)?PRC/vRC?{(PRE/PRC) 2/k-(PRE/PRC)(k+1)/k}]0.5   at PRE?PREcrt 
High temp. generator GRGH=GSGHi-GSGHe GRE=(?d2 / 4)?[k?{2 / ( k+1)}(k+1)/(k-1)?PRC / vRC]0.5                   at PRE?PREcrt  
 ? ? ?  ???????????????????????? 
















                                 (7-1) 
 
                                 (7-2) 
 








???????????????????? m =0.4??????????? 7?3??
??????????????? 55?58mass%???????? 42?45mass%????
????KA???????????? 
( ) LiBrjjj MXρW =´´å
( ) H2OLiBrjj MMρW +=´å
 ? ? ?  ???????????????????????? 
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??????(3)??????????????? m =0.67?????? 
 








                                              (7-5)
 






























































Fig.7?3  Dependense of KA value on flow rate of GL
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 ? ? ?  ???????????????????????? 
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Table 7･3  KA Values for refrigerator 
at standard condition (heating cycle) 
 KA [kW/K]  KA [kW/K] 
Evaporator 48.0 Low temp. Hex 4.8 
Absorber --- High temp. Hex 7.5 
Condenser --- High temp. Gen. 1.33 
Low temp. Gen. 8.1 Auxiliary Gen. 0.80 
 





























































 ? ? ?  ???????????????????????? 
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Table 7･4 Standard condition for experiments 
Outlet temp. TWEe 55 [℃] 
Hot water 
Flow rate GWE 360 [kg/min] 
Inlet temp. TZGHi  265 [℃] 
Exhaust gas. 
Flow rate GZGH  2700 [kg/h] 
C 
GH 
Fig.7?5  Measuring points of the test machine 
GX 
GL 
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７・５･２  ?????? 
?????????????????????????????????????
??????????????????????????????????????
Fig.7?6  Effect of hot water temp. 
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Fig.7?8  Effect of inlet gas temp. 
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Fig.7?9  Effect of C-E valve port size on cycle 
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(2) ? 7???????????????????????????????????
????????????????? 
 ???????  ???? 
 ?????????????? 
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?????????????????????????????????? 
 
８・２  ??????????? 



























Air conditioning system using cold and hot water 
Cold water return 
header 
Cold water supply 
header 
Hot water supply 
header 












Simultaneous cold and hot water 
supply type  
 
Fig.8?1  Four-pipe cold and hot water system for air conditioning 
 E H.W. 
 ? 8 ?  ??????????? 
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Table 8?1  Types of chiller-heater supplying cold and hot water simultaneously 
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Table 8?3  Control method for cooling capacity 
(a) Vapor valve (b) Drain valve 
  
(c) Solution valve (d) Cooling Water valve 
  
 
Table 8?4  Control for economizer cycle 
(a) All condensed ref. is moved to cooling cycle (b) Requied ref. liquid is moved to cooling cycle 
  
 
Table 8?2  Control method for heating capacity 
(a) Vapor valve (b) Drain valve (c) Hot water valve 

















Hot Water valve 






















































 ? 8 ?  ??????????? 
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８・４  非エコノマイザ型ーの特性 






COPCOOL?QE?QGH.COOL  (8-1) 
COPHEAT?QB?QGH.HEAT =1.0 (8-2) 
????QGH ?????????????
???????????????? 
???? QE????? QB??????????????? 




Fig.8?2  Characteristic of cooling and heating 
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 ? 8 ?  ??????????? 
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８・５  エコノマイザ型ーのシミュレーションモデル 
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Fig.8?3  Model of chiller-heater supplying cold and hot water simultaneously 
 ? 8 ?  ??????????? 































 ? 8 ?  ??????????? 














G RBC=G RB?rRZ ? G RBV=G RB?G RBC ? GREV=0                (8-5)
Table 8?5  List of equations for single effect cycle at supplying cold and hot water simultaneously 
Element Enthalpy change Heat transfer 
Evaporator QE=CpW?GWE?(TWEi-TWEe) , QE=GRE?(HRVE -HRC) QE=KEAE??TEL 
Absorber QA=CpW?GWA?(TWAe-TWAi) , QA=GRE?(HRVE-HSAe)-GSAi?(HSAi-HSAe) QA=KAAA??TA 
Condenser QC=CpW?GWC?(TWCe-TWCi) , QC=GRGL?(HRVGL-HRC)+ GRBC?(HRGH-HRC)+GRCH?(HRGH-HRC) QC=KCAC??TC 
Heater QB= CpW?GWB?(TWBe-TWBi) , QB=GRB?(HRVGH-HRGH) QB=KBAB??TB 
Low temp. generator QGL=GRCH?(HRVGH-HRCH) , QGL=GRGL?(HRVGL-HSGLi)+GSGLe?(HSGLe-HSGLi) QGL=KGLAGL??TGL 
High temp. generator  QGH=GRGH?(HRVGH-HSGHi)+GSGHe?(HSGHe-HSGHi)  
Low QHL=(GSGLi+GSGHi)?(HSHL2-HSHL1) , QHL=(GSGLe+GSGHe)?(HSHL3-HSHL4)  QHL=KHLAHL??THL Heat- 
exchanger High QHH=GSGHi?(HSGHi-HSHL2) , QHH=GSGHe?(HSGHe-HSHH4) QHH=KHHAHH??THH 
Element Heat driving force 
Evaporator ?TE? (TWEi-TWEe)?Ln?(TWEi-T*RE)?(TWEe-T*RE)? 
Absorber ?TA??(TSAk-TWAe)-(TSAe-TWAi)??Ln?(TSAk-TWAe)?(TSAe-TWAi)? 
Condenser ?TC ? (TWCe-TWCi)?Ln?(T*RC-TWCi)?(T*RC-TWCe)? 
Heater ?TB? (TWBe-TWBi)?Ln?(T*RGH-TWBi)?(T*RGH-TWBe)? 
Low temp. generator ?TGL? (TSGLe-TSGLk)?Ln?(T*RCH-TSGLk)?(T*RCH-TSGLe)? 
Low ?THL??(TSHL3-TSHL2)-(TSHL4-TSHL1)??Ln?(TSHL3-TSHL2)?(TSHL4-TSHL1)? Heat-  
exchanger High ?THH??(TSGHe-TSGHi)-(TSHH4-TSHL2)??Ln?(TSGHe-TSGHi)?(TSHH4-TSHL2)? 
Element Transferred refrigerant COP 
Evaporator?Absorber GRE?GSAe-GSAi , GRE+GREV?(GSGLi+GSGHi )-(GSGLe+GSGHe ) COPCOOL=QE?QGH 
Condenser?Low gen. GRGL?GSGLi-GSGLe , GRC?GRCH+GRBC+GRGL , GRC?GRE+GREV COPHEAT=QB?QGH 
High t. gen.?Heater GRGH?GRB+GRCH , GRB-GRBV?GSGHi-GSGHe  COP=(QE+QB)?QGH 
 ? 8 ?  ??????????? 
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?????????????????? 0.67????????????????????
??? SUS?????????????????????????????????  
                                                        (8-9)
???????????????? KAo???????????? QGH=500kW????
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Table 8?6  KAo Values for Refrigerator 
at standard condition (Ref. capacity 630kW) 
Element KA [kW/K] Element KA [kW/K] 
Evaporator 126.0 Low Temp. Hex 13.5 
Absorber 99.0 High Temp. Hex 11.9 
Condenser 119.0 Heater 13.3 
Low Gen. 30.6   
Table8?7  Specification of refrigerator 
Cooling capacity (full load) QE 630 [kW] 
Outlet temp. TWEe 7 [? ] 
Chilled water 
Flow rate GWE  1810 [kg/min] 
Inlet temp. TWAi 32 [?] 
Cooling water 
Flow rate GWA  3000 [kg/min] 
Heatling capacity (full load)  QB 500 [kW] 
Outlet temp. TZGHe 60 [?] 
Hot water 
Flow rate GZGH  1440 [kg/min] 
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Fig.8?5  Cycle conc. dew point and 
control valve action  
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TWAi＝32℃，　 TWBe=60℃
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Fig.8?6  Characteristic of concurrent  
chiller-heater using required  
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Fig. 8?7  Relationship between 
VSP2 and VRBZ valve opening 
Fig. 8?8 Characteristic of improved 
chiller-heater supplying  
cold and hot water simultaneously 
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Table 9?1  Pattern of triple effect cycle 
S P R SP PS1 PS2 PS3 PS4 
        
        
        
        
SR1 SR2 RS1 RS2 RP1 RP2 PR1 PR2 
        
        
        









































































































































































































































































































































































































































































































































































































































































? ? ?  ???????????? 
 - 161 - 
 
















































Fig.9･1 Dühring chart for S cycle  
   1 0 0 0 
(rmn)= 0 1 0 0 
    0 0 1 0 
? ? ?  ???????????? 























ここに，XGSGLiは XSGLi・GSGLiを省略して表現している．他の XG についても同様である．図 9･
1 中には，サイクルパターンSの流量マトリクスを示している． 
冷水出口温度 7℃，冷却水入口温度 32℃での吸収冷凍機運転を想定し，冷媒蒸発温
度 T*RE=6℃，吸収器溶液出口温度 TSAe=37℃，冷媒凝縮温度 T*RC=37℃，低温および中




Table 9?2  List of equations for triple effect cycle 
(Dühring chart model)  
Vapor-liquid equiliburium 
TS Ae=fT(X SAe,T*RE), TS Ak   =fT(XS Ai,T*RE) 
TS GLk=fT(XS G Li,T*RC), TS GLe=fT(XS GLe ,T*RC) 
TS GMk=fT(XS GMi,T*RGM), TS GMe=fT(X SG Me,T*RG M) 
TS GHk=fT(XS G Hi,T*RG H),  TS GHe=fT(X S GHe,T*RG H) 
Heat driving force 
?TQ=(TS GLe-TS GLk)/Ln{(T*RG M-TSG Lk)/(T*RG M-TS G Le) } 
?TQ=(TS GMe-TSG Mk)/Ln{(T*RG H-TS GMk)/(T*RG H-TS G Me)} 
Concentrat ion width 
?TS X=TS Ak-TS Ae 
Mass balance of  absorbent  
XS Ai?GS Ai=X S Ae?GS Ae ,  X SG Li?GS G Li=XS GLe?GS GLe  
XS GMi?GS G Mi=XS G Me?GS G Me  ,  X SG Hi?GS GHi=XS G He?GS G He 
Generated refr igerant 
GSG Li-GSG Le=(GSAe-GS Ai)/3 ?  GS G Mi-GS GMe=(G SAe-GS Ai)/3 
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口溶液温度と露点の平均値が最小になるように分配するものとして，流量マトリクスを設定し
ている． 
























９・４  ?????????????? 
９・４・１  ?????????????????? 
????????????????????????????????????
?????????????????????????????????????
Fig.9?2 Effect of concentration width on sol.  temp.  
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Table 9?3  List of equations for triple effect cycle    
with double stage A/E (Dühring chart model)  
Vapor-liquid equiliburium 
TS ALe=fT(XS ALe ,T*RE L), TS ALk=fT(X SALi,T*RE L) 
TS AHe=fT(XS AHe,T*RE H),  TS AHk=fT(XS AHi,T*RE H) 
TS GLk=fT(XS G Li,T*RC), TS GLe=fT(XS G Le,T*RC) 
TS GMk=fT(XS GMi,T*RGM), TS GMe=fT(XS GMe,T*RG M) 
TS GHk=fT(XS GHi,T*RG H), TS GHe=fT(XS GHe,T*RG H) 
Heat driving force 
?TQ=(TS GLe-TS GLk)/Ln{(T*RG M-TS G Lk )/(T*RG M-TS G Le)} 
?TQ=(TS GMe-TSG Mk)/Ln{(T*RGH-TSG Mk)/(T*RG H-TS G Me)} 
Concentrat ion width 
?TS X=(TS ALk -TS ALe)+(TSAHk-TSAHe) 
Mass balance 
X S AL i?GSALi=XS ALe?GS ALe ,  XS AHi?GS AHi=XS AHe?GS AHe 
X S AHi=XS ALe  ,   GS AHi=GS ALe  ,  XS GLi?GS G Li=XS G Le?GS G Le 
X S GMi?GS GMi=XS G Me?GS GMe ,  XS GHi?GS G Hi=X SG He?GS G He 
Generated refr igerant 
GS GLi-GS GLe=(GS AHe-GS AL i)/3, GSGMi-GSGMe=(GSAHe-GSALi)/3 
GS GHi-GSG He=(GS AHe-GS AL i)/3  
Double stage A/E  
(TWE i-TWE m)/(TWE i-T*RE H)=(TW E m-TWE e)/(TWE m-T*RE L) 
(TWAm-TWAi)/(TS AHk-TWAi)=(TWAe-TWAm)/(TS ALk -TS Am) 
(GS AHe-GS AHi)/(GSALe-GS ALi)=(TW E i-TWE m)/(TWE m-TWE e) 
(GS AHe-GS AHi)/(GSALe-GS ALi)=(TWAm-TWAi)/(TWAe-TWAm)  
? ? ?  ???????????? 
 - 166 - 
Table.9?4   Dew Point in HG (?TSX=10? ) 
No.1  R   (121.2? ) , PR1(123.0? ) , PR2(122.2? ) , 
 RP2(123.3? ) , SR1(120.7? )   
No.2  RP1(124.7? ) , RS1(126.7? ) , RS2(125.1? ) , 
  PS2(127.4? ) , PS3(125.3? )   
No.3  S   (129.0? ) , P   (128.1? ) ,  SP  (130.8? ) , 


























Fig.9?3 Effect of concentration width 
 (A/E double stage) 
Fig.9?4 Effect of cooling water temp.  
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Table 9?5 List of equations for triple effect model 
Element Enthalpy change Heat transfer 
Low QEL=CpW?GWE?(TWELi-TWELe) , QEL=GREL?(HRVEL-HREH)-GREH?(HREH-HREL) QEL=KELAEL??TEL 
Evaporator 
High QEH=CpW?GWE?(TWEHi-TWEHe) , QEH=GREH?(HRVEH-HREL)-GRC?(HRC-HREH) QEH=KEHAEH??TEH 
Low QAL=CpW?GWA?(TWALe-TWALi) , QAL=GREL?(HRVEL-HSALe)-GSALi?(HSALi-HSALe) QAL=KALAAL??TAL 
Absorber 
High QAH=CpW?GWA?(TWAHe-TWAHi) , QAH=GREH?(HRVEH-HSAHe)-GSAHi?(HSAHi-HSAHe) QAH=KAHAAH??TAH 
Condenser QC=CpW?GWC?(TWCe-TWCi) ,  QC=GRGL?(HRVGL-HRC)+(GRGH+GRGM)(HRGM-HRC) QC=KCAC??TC 




Med. temp. gen. QGM=GRGH?(HRVGH-HRGH) , QGM=GRGM?(HRVGM-HSGMi)+GSGMe?(HSGMe-HSGMi) QGM=KGMAGM??TGM 
High temp. gen.  QGH=GRGH?(HRVGH-HSGHi)+GSGHe?(HSGHe-HSGHi) -------- 
Low QHL=GSHL1?(HSHL2-HSHL1) , QHL=GSHL3?(HSHL3-HSHL4)  QHL=KHLAHL??THL 
Med. QHM=GSHM1?(HSHM2-HSHM1) , QHM=GSHM3?(HSHM3-HSHM4) QHM=KHMAHM??THM Heat- exchanger 
High QHH=GSHH1?(HSHH2-HSHH1) , QHH=GSHH3?(HSHH3-HSHH4) QHH=KHHAHH??THH 
 
Element Heat  driving force 
Low ?TEL? (TWELi-TWELe)?Ln?(TWELi-T*REL)?(TWELe-T*REL)? 
Evaporator 




Condenser ?TC ? (TWCi-TWCe)?Ln?(TWCi-T*RC)?(TWCe-T*RC)? 
Low temp. gen. ?TGL? (TSGLe-TSGLk)?Ln?(T*RGM-TSGLk)?(T*RGM-TSGLe)? 







Element  Transf erd ref r igerant COP 
Evap./Abs. GREL?GSALe-GSALi , GREH?GSAHe-GSAHi   
Cond./Low gen. GRGL?GSGLi-GSGLe , GRC?GRGH+GRGM+GRGL , GRC?GREL+GREH  
Med. temp gen. GRGM?GSGMi-GSGMe   QE=QEL+QEH 
High temp. gen. GRGH?GSGHi-GSGHe   COP=QE?QGH 
 
????????????????? 




??????????? 1) ? KA ??269kW/K????????????????
???????????????????????? KA ????? 350kW???
??????????????????? 1)?? 323 kW/K?????? 6)??
? ? ?  ???????????? 






Table 9?6  KA  Values for Refrigerator 
Ref. Capacity 350kW (=100 Rt)  
Element KA  [kW /K] Element  KA  [kW/K] 
H igh Evaporator 42.5 Low Evaporator 42.5 
H igh Absorber 42.5 Low Absorber 42.5 
Condenser 35.0 Low Temp. Hex. 8.0 
Low Stage Gen. 30.0 Med. Temp. Hex. 7.0 
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Fig.9?7  Effect of solution flow rate 
Fig.9?9 Effect of GH solution by-pass 
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Table9?7  Cooling water flow pattern  
No. Flow pattern T*RGH 
1 TW i?  AL ?  AH ?  C ?TW e 125.1 
2 TW i?  AL ?  C ?  AH ?TW e 124.3 
3 TW i?  C ?  AL ?  AH ?TW e 122.7 
4 TW i?  AH ?  AL ?  C ?TW e 125.3 
5 TW i?  AH ?  C ?  AL ?TW e 124.6 
6 TW i?  C ?  AH ?  AL ?TW e 122.9 
7 TW i?  AH ?  AL ?  C ?TW e 124.7 
8 TW i?  C ?  AH ?  AL ?TW e 122.3 
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 Fig.9?12 Effect of KA/KA0 Fig.9?13 Effect of KA 
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T WEe=7℃ ,T WCi=32℃
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????? KA ?? COP ?????????????????????????
??????????? COP ???????????????????????
?????? 9?6? KA ????????????????????? 
????????????????????????? KA ??????? 9?6
? KA??????????????? KA ??????????????????
???? 
 























? ? ?  ???????????? 
 - 175 - 














 - 177 - 
 
 
????  ???????????? 
???????????? 
 






















????? 1?? D?hring???????? 10?1?????????????
 ? 10 ?  ???????????????????????? 



















































Fig.10･1 Dühring chart for S-cycle 
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１０・３  2.5???????????? 








１０・３・２  D?hring?????? 2.5?????????? 
????????????????????????????????D?hring
???????????????????????TSX ????????????















TSA Xe????? T*RC ???????????????????????????
?TSX= TSA Xk?TSA Xe ????????????????????????????
????????????????? 10?2???? 
 
 ? 10 ?  ???????????????????????? 
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Table 10?1  Pattern of 2.5 effect cycle 
S P R SP PS1 PS2 PS3 PS4 
        
        
        
        
SR1 SR2 RS1 RS2 RP1 RP2 PR1 PR2 
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Table.10?2  List of equations for 2.5 effect cycle 
(Dühring chart model)  
Vapor-liquid equiliburium 
TS Ae=fT (XS Ae,T*RE), TS Ak=fT (XS Ai,T*RE) 
TS AXe=fT (XS AXe ,T*RG X),  TS AXk=fT(X S AXi,T*RG X)  
TS GXk=fT (XS GXi,T*RG X), TS G Xe=fT (XS G Xe,T*RG X) 
TS GLk=fT (XS G Li,T*RC), TS G Le=fT (X SG Le ,T*RC) 
TS GMk=fT(XS GMi,T*RGM), TS G Me=fT (XS G Me,T*RG M) 
TS GHk=fT (XS GHi,T*RGM), TS G He=fT (XS G He,T*RGH) 
Heat  driving force 
?TQ=(TS GLe-TS GLk)/Ln{(T*RGM-TS G Lk)/(T*RG M-TS GLe)} 
?TQ=(TS GXe-TSG Xk)/Ln{(T*RG M-TS G Xk) /(T*RGM-TSG Xe)} 
?TQ=(TS GMe-TS G Mk)/Ln{(T*RG H-TS GMk)/(T*RG H-TS G Me)} 
Concent ration width 
?TS X=TS Ak-TS Ae 
Mass balance of absorbent  
X S Ai?GSAi=X SA e?GS Ae ,  XS AXi?GS AXi=X S AXe?GS AXe 
X S GXi?GS G Xi=X S GXe?GS GXe ,  XS G Li?GS GLi=XS G Le?GSG Le  
X S GLi=XS AXe  ,   XS GLe=XS AXi ,  GS GLi=GS AXe  
X S GMi?GS GM i=XS G Me?GS GMe ,  XS G Hi?GSG Hi=XS GHe?GS GHe 
Generated refr igerant 
GS G Li-GS G Le=(GS Ae-GS Ai)/5 ?  GS GXi-GS GXe=(GSAe-GS Ai) /5 
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口温度 TSA Xe=37℃，凝縮温度 T*RC= 
34.5℃,再生器の温度差Δ ＴQ=5[K]を与
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Table 10?3 List of equations for 2.5 effect cycle 
with double stage A/E (Dühring chart model)  
Vapor-liquid equiliburium 
TSALe= fT(XSALe,T*REL), TSALk= fT(XSALi,T*REL) 
TSAHe= fT(XSAHe,T*REH), TSAHk= fT(XSAHi,T*REH) 
TSAXe= fT(XSAXe,T*RGX), TSAXk= fT(XSAXi,T*RGX) 
TSGXk= fT(XSGXi,T*RGX), TSGXe= fT(XSGXe,T*RGX) 
TSGLk= fT(XSGLi,T*RC), TSGLe= fT(XSGLe,T*RC) 
TSGMk= fT(XSGMi,T*RGM), TSGMe= fT(XSGMe,T*RGM) 
TSGHk= fT(XSGHi,T*RGH), TSGHe= fT(XSGHe,T*RGH) 




Concentrat ion width 
?TSX=(TSALk-TSALe)+(TSAHk-TSAHe) 
Mass balance 
XSALi?GSALi=XSALe?GSALe , XSAHi?GSAHi=XSAHe?GSAHe 
XSAHi=XSALe ,  GSAHi=GSALe , XSAXi?GSAXi=XSAXe?GSAXe 
XSGXi?GSGXi=XSGXe?GSGXe , XSGLi?GSGLi=XSGLe?GSGLe 
XSGLi=XSAXe ,  XSGLe=XSAXi , GSGLi=GSAXe 
XSGMi?GSGMi=XSGMe?GSGMe , XSGHi?GSGHi=XSGHe?GSGHe 
Generated refr igerant 




Double stage A/E  
(TWEi-TWEm)/(TWEi-T*REH)=(TWEm-TWEe)/(TWEm-T*REL) 
(GSAHe-GSAHi)/(GSALe-GSALi)=(TWEi-TWEm)/(TWEm-TWEe) 
 ? 10 ?  ???????????????????????? 
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Fig.10?3  Effect of concentration width 
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Table 10?4 List of equations for 2.5 effect model 
Element Enthalpy change Heat transfer 
Low QEL=CpW?GWE?(TWELi-TWELe) , QEL=GREL?(HRVEL-HREH)-GREH?(HREH-HREL) QEL=KELAEL??TEL 
Evaporator 
High QEH=CpW?GWE?(TWEHi-TWEHe) , QEH=GREH?(HRVEH-HREL)-GRC?(HRC-HREH) QEH=KEHAEH??TEH 
Low QAL=CpW?GWAL?(TWALe-TWALi) , QAL=GREL?(HRVEL-HSALe)-GSALi?(HSALi-HSALe) QAL=KALAAL??TAL 
Absorber 
High QAH=CpW?GWAH?(TWAHe-TWAHi) , QAH=GREH?(HRVEH-HSAHe)-GSAHi?(HSAHi-HSAHe) QAH=KAHAAH??TAH 
Auxiliary Absorber QAX=CpW?GWAX?(TWAXe-TWAXi) , QAX=GRGX?(HRVGX-HSAXe)-GSAXi?(HSAXi-HSAXe) QAX=KAXAAX??TAX 
Condenser QC=CpW?GWC?(TWCe-TWCi) , QC=GRGL?(HRVGL-HRC)+(GRGH+GRGM)?(HRGM-HRC) QC=KCAC??TC 
Low temp. gen. 
Auxiliary gen. 





Med. temp gen. QGM=GRGH?(HRVGH-HRGH) , QGM=GRGM?(HRVGM-HSGMi)+GSGMe?(HSGMe-HSGMi) QGM=KGMAGM??TGM 
High temp gen.  QGH=GRGH?(HRVGH-HSGHi)+GSGHe?(HSGHe-HSGHi) -------- 
Low QHL=GSHL1?(HSHL2-HSHL1) , QHL=GSHL3?(HSHL3-HSHL4)  QHL=KHLAHL??THL 
Med. QHM=GSHM1?(HSHM2-HSHM1) ,QHM=GSHM3?(HSHM3-HSHM4) QHM=KHMAHM??THM 
High QHH=GSHH1?(HSHH2-HSHH1) , QHH=GSHH3?(HSHH3-HSHH4) QHH=KHHAHH??THH 
Heat- 
exchanger 
Aux. QHX=GSHX1?(HSHX2-HSHX1) , QHX=GSHX3?(HSHX3-HSHX4) QHX=KHXAHX??THX 
 
Element Heat driving force 
Low ?TE L?  (TWE Li-TW ELe)? Ln? (TWE Li-T*REL)? (TW ELe-T*REL)?  
Evaporator 
High ?TE H?  (TWE Hi-TWE He)?Ln? (TWE Hi-T*REH)? (TWE He-T*RE H)?  
Low ?TAL?? (TS ALk-TWALe)-(TS ALe-TWALi)??Ln? (TS A Lk-TWALe)? (TSALe-TWALi)?  
Absorber 
High ?TAH?? (TSAHk-TWAHe)- (TS AHe-TWAHi)??Ln? (TS AHk-TWAHe)? (TS AHe-TWAHi)?  
Auxiliary absorber ?TAX?? (TSAXk-TWAXe)-(TS AXe-TWAXi)?? Ln? (TS AXk-TWAXe)? (TS AXe-TWAXi)?  
Auxiliary generator ?TGX?  (TS GXe-TS G Xk)?Ln? (T*RGM-TSG Xk)? (T*RG M-TS G Xe)?  
Condenser ?TC  ?  (TWCi-TW ce)?Ln? (TWCi-T*RC)? (TW Ce-T*RC)?  
Low temp. gen. ?TGL?  (TS GLe-TS GLk)? Ln? (T*RG M-TS GLk)? (T*RG M-TSG Le)?  
Med. temp. gen. ?TGM?  (TS G Me-TS GMk)?Ln? (T*RG H-TS GMk)? (T*RGH-TS G Me)?  
Low ?THL?? (TSHL3-TSHL2)-(TSHL4-TSHL1)??Ln? (TS HL3-TS HL2)? (TS HL4-TS HL1)?  
Med. ?THM?? (TS HM3-TS HM2)-(TSHM4-TS HM1)??Ln? (TS HM3-TS HM2)? (TS HM4-TS HM1)?  
High ?THH?? (TS HH3-TS HH2)-(TS HH4-TS HH1)?? Ln? (TS HH3-TS HH2)? (TSHH4-TS HH1)?  
Heat-  
exchanger 
Aux. ?THX?? (TSHX3-TS HX2)-(TS HX4-TS HX1)??Ln? (TS HX3-TS HX2)? (TS HX4-TS HX1)?  
 
Element Transferd refr igerant  COP 
Evap.?Absorber GREL?GSALe-GSALi , GREH?GSAHe-GSAHi   
Cond.?Low gen. GRGL?GSGLi-GSGLe , GRC?GRGH+GRGM+GRGL , GRC?GREL+GREH  
Auxiliary abs.?gen. GRGX?GSGXi-GSGXe , GRGX?GSAXe-GSAXi   
Med. temp. gen. GRGM?GSGMi-GSGMe   QE=QEL+QEH 
High temp. gen. GRGH?GSGHi-GSGHe   COP=QE/QGH 
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Table 10?5  KA Values for Refrigerator 
Ref. Capacity  350kW (=100 Rt)  
E lement KA  [kW /K] Element  KA  [kW/K] 
High Evaporator 42.5 Low Evaporator 42.5 
High Absorber 42.5 Low Absorber 42.5 
Condenser 25.0 Low Temp. Hex. 5.0 
Low Stage Gen. 20.0 Med. Temp. Hex. 10.0 
Med. Stage Gen. 40.0 High Temp. Hex.  8.0 
Auxiliary Abs. 25.0 Auxiliary Gen. 20.0 
Auxiliary Hex. 2.0 total 325.0 
Fig.10?6  Effect of sol. flow rate 
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Fig. 10?8  Effect of GH by-pass 
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Table 10?6 Cooling water flow pattern 
No. Flow pattern 
0 TWi ? AL ?  AH ? C ? TW e 
1 TWi ? AL ?  AH ? C ? TW e 
2 TWi ? AL ?  C ?  AH ? TW e 
3 TWi ? C ? AL ?  AH ? TW e 
4 TWi ? AH ? AL ? C ? TW e 
5 TWi ? AH ? C ? AL ? TW e 
6 TWi ? C ? AH ? AL ? TW e 
7 TWi ? AH ? AL ? C ? TW e 
8 TWi ? C ? AH ? AL ? TW e 















Fig.10?10 Comparison of cooling 
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Fig.10 ?11 Effect of cooling water Fig.10?12 Effect of chilled water temp. 
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?????????????????????????????????????
?????? KA ???????? 10?5???? KA0???????? KA ???
?????????????????????????KA ??????????
?????????????2.5??????????????????????




１０・５  ???????????? 




















???? 10?5? KA ???????????????????2.5???????
Fig.10?14 Comparison of 2.5 effect  
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Fig.10?15 Cycle change between 
 2.5 effect and 3 effect 
Fig.10?16 Cycle-change between  
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TableA?1  KA [kW/K] values for Refrigerator 
Cooling capacity=1000kW?  Chilled water outlet temp.=7?  
Cooling water? inlet temp=32?? flow rate=4835kg/min 
Element KA [kW/K] Element KA [kW/K] 
Evaporator E 200 Low temp. Gen. G 50 
Absorber A 140 Low temp. Hex LH 33 









Fig.A.1  Sol. flow circuit 
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Fig.A?2 Effect of KA values on COP Fig.A?3 Effect of heat exchanger on COP  
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(1) ????S1 
??????????????????????????????????????
Handbuch der Klt technik,Sorptions-Kltemaschnen(1959) ??????????
Gehlhoff?Lehrbuch der technischen Physik,Bd.1(Leipzig,1924)???E.Altenkirch???
??????????????????????????????????? 
 Appendix-A  ???????????? 
 - 210 - 




 ?? E.Altenkirch ? (Ge lhoff?Lehrbuch der technischen Physik, Bd.1, 
Leipzig, 1924 )????????????????--- Handbuch der 
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?? Rudolf Plank?Handbuch der Kltet chnik, 7,P90-91,1959 
?? (?? 1939/4/14) USP2,284,691 ,Platen-Munters????????? 
 
S2 
 ?? (?? 1974/7/19) ??? 58-23543(??:???)? 







 ?? (?? 1967/11/28) USP3,452,551 ,Harrworth.Inc. 
 















 ?? (?? 1964/9/14) USP3,273,350 ,Robert S. Taylor 
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Fig.A?6  Parallel flow using 
GH?GL inlet flow control 
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Ａ・５・１  ??????????? 
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Table A?4  KA [kW/K] values for Refrigerator 
Cooling capacity=735[kW]?  Chilled water outlet temp.=7[? ] 
Cooling water? inlet temp=32[? ]? flow rate=3500[kg/min] 
Sol. Flow rate?VSGHi=73.7 [dm? /min] VSGLi=90.0 [dm? /min] 
Element K0A [kW/K] Element K0A [kW/K] 
Evaporator E 147 Low temp. Gen. G 36 
Absorber A 116 Low temp. Hex LH 15.8 
Condenser C 139 High temp. Hex HH 13.2 
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Fig.A?7  COP characteristics 















Fig.A?8  COP characteristics  
(GH?variable flow,   GL? fix flow rate) 
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Fig.A?11  COP characteristics  















Fig.A?9  COP characteristics 














GH /GL ：variable flow
GH ：var.，GL ：fix  flow
GH /GL ：fix  flow
Fig.A?10 Effect of sol. flow control 
            method on COP 
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??E.P.Whitlow, J.S.Sweaingen?An improved absorption refrigeration cycle, GAS 
AGE, 19, 1958/10? 




12?David Aronson, Upper Montclair?Multiple stage direct fired absorption 






16?Robert S. Taylor? Refrigeration systems and methods of refrigeration, 
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Table B?1 Piping for air conditioning system 














































r   
Chilled/hot water?2-pipe system) 
E   HW 
Return h. Supply h. 
A    C 
Chilled/hot water?2-pipe system) 
 
E 
Return h.?  Supply h.  
 
Chilled/hot water?2-pipe system) 
 
E 
Return h.?  Supply h. 
A    C 
Chilled/hot water?2-pipe system) 
 
E   HW 
Return h.?  Supply h. 
A    C 
Chilled/hot water?2-pipe system) 
 
E 
Return h.?  Supply h. 
A    C 
Chilled/hot water?2-pipe system) 
 
E 
Return h.?  Supply h. 
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E Hot Water 
C GL 
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Note:   opened valve     closed valve     driven pump     stopped pump 
 





E Liq . 
GH 
A Sol.  








E Liq . 
GH 
A Sol.  
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Table B?3  Design point of heating cycle 
 for exclusive heat exchanger type 
inlet temp. 75 ?  Hot water 
outlet temp. 80 ?  
Heating capacity 1000 kW 
mean conc.  50.8 mass% 
dew point 95 ?  
Cycle 
mean sol. temp. 128 ?  
NTUreq 0.288 ?  Hot water hex
 
KAreq 57.5 kW/K 
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( ) H2OLiBr MMW jj +=´å r
( ) LiBrMXW jjj =´´å r
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TableB?4  List of equations for heat transfer model 
Element Heat t ransfer Heat t ransfer 
Evaporator QE L=KEAE??TE ?TE? (TWEe-TWEi)?Ln? (T*RE-TWEi)? (T*RE-TWEe)?  
T*RCH?TSGLi??TGL?(TSGLe-TSGLi)?Ln?(T*RCH-TSGLi)?(T*RCH-TSGLe)? 
Low temp.gen. QGL=KGLAGL??TGL 
T*RCH?TSGLi??TGL? 0  
Low QHL=KHLAHL??THL ?THL?{(TSHL3-TSHL2)-(TSHL4-TSHL1)}?Ln{(TSHL3-TSHL2)?(TSHL4-TSHL1)} Heat- 
Exchanger High QHH=KHHAHH??THH ?THH?{(TSGHe-TSGHi)-(TSHH4-TSHL2)}?Ln{(TSGHe-TSGHi)?(TSHH4-TSHL2)} 
TableB?5  KA [kW/K] values of heater-chiller at heating cycle 
( Cooling capacity=735[kW]?Heating capacity=735[kW] ) 
Element K0A [kW/K] Element K0A [kW/K] 
Evaporator E 185 Low temp. Hex LH 20.0 















































Fig.B?1 Heating cycle flow  
stopped 
stopped 
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??????????? 735[kW],???? 735[kW]?????????? KA ???
B?5?????????????????????????????????????
?????????????????????????KA ????????????



























Fig.B?2  Effect of hot water temp. on  
partial load characteristics 
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Fig.B?4  Effect of vapor valve size on heating cycle at TW He=60?  
        (Same GH 100% sol. Flow rate as cooling cycle)  
Fig.B?3  Effect of vapor valve size on heating cycle  at TW He=60?  
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Fig.B?6  Heating cycle by simulation 






























































Fig.B?5 Comparison of valve size  
and sol.flow rate effect on  
heating cycle (TW He=60? ) 
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TableB?6  List of equations for heat transfer model 
Element Heat t ransfer Heat t ransfer 
Evaporator QE=KEAE??TE ?TE? {(TSEk-TWEe )-( TS Ee-TWEi)}?Ln? (TSEk-TWEe)? (TSEe -TWEi)?  
T*RCH?TSGLi??TGL? (TSGLe-TS GLi)?Ln? (T*RCH-TS GLi)? (T*RCH-TSGLe )?  
Low temp.gen.  QGL=KGLAGL??TGL 
T*RCH?TSGLi??TGL? 0  
Low QHL=KHLAHL??THL ?THL? {(TSHL3-TS HL2)-(TS HL4-TSHL1 )}?Ln{(TSHL3-TS HL2)? (TSHL4-TS HL1)} Heat- 















































Fig.B?7 Heating cycle flow  
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Absorbing   (T WHe=80℃)
Fig.B?8 Comparison of heating cycle 
between absorbing type and  
condensing type 
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